Aim: To establish the prevalence of unintentional fatal drowning in baths involving children <18 years in Australia and to identify causal factors to underpin prevention. Methods: We report a total population study of all childhood (0-17 years) unintentional drowning fatalities in baths (bathtubs, spa baths and showers) in Australia between 1 July 2002 and 30 June 2014. Demographic, forensic and aetiological data (including co-bathing, use of bath aids, supervision and enactment of cardiopulmonary resuscitation) were documented for each victim. Results: Seventy-eight children were identified; two thirds (66.7%) were under 2 years old, of which 43.6% were aged less than 1 year (1.0/ 100 000/annum) and 23.1% 1-2 years (0.27/100 000/annum). Nine older children (10-17 years) also drowned. Common causes included: infants and children unable to hold their head out of water while unsupervised and associated pre-existing medical conditions, including epilepsy. All children who drowned were left without adult supervision. No child drowned in a bath with water deeper than 40 cm (M = 19.4 cm). Custodianreported 'time left unsupervised' ranged from 30 s to 60 min. Children with pre-existing medical conditions were, on average, older (9.9 years; confidence interval: 7.9-11.9) and left unsupervised for longer (M = 15.4 min; confidence interval: 3.8-27.1) than those without. Conclusions: On average, 6.5 children drown every year in baths in Australia. Children aged younger than 1 year are most affected, with both genders equally represented. Infants and toddlers left unsupervised, false confidence in the preventive role of bath aids, unrealistic expectations in the supervisory capabilities of co-bathing children and epilepsy remain threats to children in the bath.
1 Bath drowning (bathtubs, showers and spa baths) most commonly occurs in children under the age of 2. 2 Infant bath drowning occurs when adult supervision is absent. 3 Epilepsy is a risk factor for older children drowning in the bath.
What this paper adds
1 Children aged 0-11 months were 29.7 (confidence interval (CI):
14.3-62.0) times more likely to drown in a bath when compared to children aged 5-17 years. 2 In the study, 100% of bath drowning deaths took place in the child's own home, in a water depth of less than 41 cm, with one quarter (24.4%) of all drowning deaths in this study occurring between 4 pm and 6 pm. 3 Children with pre-existing medical conditions were, on average, older (9.9 years; CI: 7.9-11.9) and left unsupervised for longer (M = 15.4 min; CI: 3.8-27.1) than those without.
Globally, drowning is a leading cause of unintentional injuryrelated death among children, particularly those under the age of 5. 1 Previous studies of childhood bath fatalities have highlighted the risk in this age group. [1] [2] [3] [4] [5] [6] [7] [8] In a 1977 Australian study, 3 it was shown that bath immersions involved children, particularly those younger than 12 months of age, and affected both genders equally. Bath immersion incidents occurred especially in the context of a break in family routine. Infants as only children rarely unintentionally drown in the bath. The most likely victim was the youngest or second youngest child in larger families. 3 Additional risk factors include the use of bath aids 9 ; co-bathing, most often with siblings 10, 11 ; age 5, 10, 11 ; a lack of adult supervision 3, 6, 9, 11, 12 ; and contributory pre-existing medical conditions. 3, 6, 9, [12] [13] [14] Improved supervision is a key stratagem for reducing drowning in young children. 5, 12, 13, 15 Supervision involves four key elements:
proximity, continuity, focused attention and preparedness. [16] [17] [18] In Australia, advocacy to reduce bath drowning led to the introduction of warning labels on bath aids by the Australian Competition and Consumer Commission (ACCC) -a preventative endeavour complemented by consumer education campaigns. 19 Most unintentional injuries in childhood have shown reductions in recent decades. 20 Our experience has been that little has changed with bath drowning deaths, a tragic exception to this otherwise heartening trend.
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Here, we report the first Australian total population study and analysis of the prevalence, risk factors and detailed aetiology of unintentional fatal childhood drowning in baths.
The aim of the study is to establish the prevalence of unintentional fatal drowning in the bath (bathtubs, spa baths and showers) involving children under 18 years in Australia and identify causal factors in turn to underpin advocacy for prevention.
Methods
Data are presented on unintentional fatal drownings in Australia among children in baths for the 12-year period 1 July 2002 to 30 June 2014 from the Australian National Coronial Information System (NCIS). 15 The baths category used for this study included free-standing baths and spa baths, showers, bathtubs and baby baths. Showers over baths were coded as free-standing baths.
Variables collected and analysed include: age; gender; location of drowning; activity prior to drowning; time of day of drowning incident, early morning (12:01 am to 6 am), morning (6:01 am to 12 pm), afternoon (12:01 pm to 6 pm) and evening (6:01 pm to 12 am); pre-existing medical condition; incident postcode; incidences of co-bathing; use of bath aids; cardiopulmonary resuscitation (CPR) performed; water depth; time left unsupervised; neglect; visitor status; and Indigenous status. 22 Indigenous status refers to those known to be Aboriginal, Torres Strait Islander or both Aboriginal and Torres Strait Islander. Where Indigenous status was unknown (n = 7), these cases were excluded from the Aboriginal and/or Torres Strait Islander analysis. Children were defined as those aged 17 years or under. Activity prior to drowning is defined as bathing in a bath, fall into a bath and unknown. Remoteness classification was determined using the postcode of incident based on the Australian Standard Geographical Classifications (ASGC) for remoteness. 23 Crude drowning rates per 100 000 population were calculated using data from the Australian Bureau of Statistics (ABS) 24 for the period June 2003 to June 2014. Restrictions governing population data by age group required the authors to group age bands to be able to calculate age-specific drowning rates, for example, 0-6-and 7-11-month-olds have been combined to 0-11 months (0 years). For remoteness classification of incident location, census data were only available for 3 years (2001, 2006, 2011) [25] [26] [27] ; therefore, an average for drowning deaths based on the 12 years was calculated and used as the numerator, with an average based on the three census years for remoteness classification population used as the denominator. This has resulted in a 3.5% discrepancy when calculating the proportional basis of the population for non-parametric χ 2 analysis.
Time left unsupervised was estimated by the parent or carer when interviewed by police after the drowning incident. This was entered in minutes and then coded by the authors in a subsequent variable for ease of analysis. Where a history of neglect or child protection issues in the family were discussed in the coronial finding or police report, the authors recorded this as a yes/no/unknown in a new variable.
Bath aids were defined as aids intended to provide support and free carers' hands. 28 The category of bath aids includes one death from a baby floor seat that is not generally used as a bath aid and is not covered in Australia by the ACCC's mandatory safety standard. Data coding and analysis were conducted using IBM SPSS Statistics, version 20 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were utilised, as well as non-parametric χ 2 analysis, using the proportional basis of the population as the assumed outcome numbers. Statistical significance was deemed to be P < 0.05. Relative risk was calculated, with a 95% confidence interval (CI).
Where variable analysis presents cases of three or less, the term NP (not presented) is used. Data included in this study were last updated against the NCIS on 9 May 2016. At the time of analysis, 93.1% of cases were closed. Ethical approval was provided by the NCIS (CF/07/13729; CF/ 10/25057, CF/13/19798).
Results
There were 78 children who drowned in the bath during the 12-year period. The 12-year average crude rate was 0.13 deaths per 100 000 population (Fig. 1) .
Over three quarters (85.9%) of deaths occurred in freestanding baths, most commonly among children aged younger than 1 year (40.3%). The gender incidence was equal (53.8% males). The modal peak was in infants (younger than 1 year) ( Table 1 ). Children aged 0-11 months recorded the highest agespecific drowning rate (1.0/100 000 people/annum), with the rate declining as the child aged. Children aged 0-11 months were 29.7 times (CI: 14.3-62.0) more likely to drown in a bath compared to those aged 10-17 years (Table 1) .
On average, older children were left unsupervised for longer. Males and females recorded the same mean age (M = 3.4 years); however, males were more likely to be left unsupervised for a longer mean period of time (male M = 10.4 min; female M = 6.0 min) ( Table 2) .
Peak risk occurred in the afternoon (43.6%). One quarter (24.4%) of all deaths occurred between 4 pm and 6 pm. Children who drowned in the evening were left unsupervised for longer (M = 10.3 min) ( Table 2 ). There were no bath drowning deaths among children recorded in the early hours of the morning.
All deaths occurred in the child's own home, and in 100.0%, of cases adult supervision was absent. Where time left unsupervised was known (47.4%), it ranged from 30 s to 60 min (M = 8.3 min). Water depth ranged from 5.0 cm to 40.0 cm (M = 19.4 cm).
The majority of deaths (89.7%) occurred when children were already in the bath. Those who drowned as a result of a fall were older (M = 5.0 years) and left unsupervised for longer (M = 31.5 min) compared to those who were in the bath when they drowned (M = 3.2 years and M = 7.0 min). A bath aid was used in 12 cases (15.4%), most commonly in children aged 0-11 months (91.7%) (χ 2 = 13.5; P < 0.01) ( Table 2 ).
In 30 cases (38.5%), the child was co-bathing, most commonly with an older sibling (70.0%) (χ 2 = 39.24; P < 0.001), followed by a parent or adult (18+ years) (20.0%) (χ 2 = 8.54; P < 0.01).
Two thirds (66.7%) of the children co-bathing were aged 0-18 months. Those co-bathing with adults drowned in deeper water, on average (M = 24.0 cm), than those co-bathing with older siblings (M = 17.4 cm) ( Table 2 ). In 55.1% of cases, the child who drowned had a sibling, most commonly one (53.5%) or two siblings (30.2%). CPR was known to have been performed in 75.6% of cases, most commonly by the child's parents (52.6%), and not performed in 8.8% of cases, all in the 0-11 months age group.
In 28.2% of cases, the child had a pre-existing medical condition. Common conditions included epilepsy (61.1% of cases with a contributory pre-existing medical condition) and autism (11.1%). Children aged 5-17 years were more likely to drown due to a pre-existing medical condition (χ 2 = 54.18; P < 0.001).
Children with contributory pre-existing medical conditions were, on average, older (M = 9.9 years; CI: 7.9-11.9) and were left unsupervised longer (M = 15.4 min) compared to those apparently healthy children (Table 2) . Although all drowning deaths in this study were found to be unintentional, in 9.0% of cases, there was a history of child neglect or child protection issues in the family as reported to authorities. In 2.6% of all cases, the supervising adult stated to police that they had consumed alcohol and/or illicit drugs prior to the bath drowning incident.
Discussion
Similar to Pearn and Nixon's seminal 1977 study on bath drowning, 3 this study also found those younger than 1 year to be most at risk (43.6%); both genders represented evenly (53.8% male); the drowned child often had a sibling (55.1%); and all incidents occurred in the child's own home, most commonly during the afternoon (43.6%). New issues explored in this paper included supervision, bath aids, co-bathing, Aboriginal and Torres Strait Islander children, pre-existing medical conditions, water depth and neglect.
Supervision
In all cases, the child was left unsupervised, with some drowning within 30 s. While a previous study found that parents admitted to leaving children as young as 6-12 months unsupervised in the bath, 29 this study has highlighted that younger children (1 month of age) are being left unsupervised in the bath. Active supervision by a competent adult should be in place for all children aged 0-4 years in the bath and those at heightened risk, such as those with a pre-existing medical condition, to prevent drowning. 17, 30, 31 Bath aids
Of the victims in this study, 15% drowned while using bath aids. Children who drowned while using bath aids were significantly younger. Of concern, these aids appear to be providing a false sense of security for parents and carers when bathing young children, leading to an absence of supervision. The mandatory standard for warning labels for bath aids came into effect in Australia on 13 May 2005 32 and included a consumer, manufacturer and supplier education campaign. As a result of this mandatory standard, newly manufactured and purchased bath aids must have mandatory warning labels on both the packaging and the product that warn of drowning deaths associated with bath aids in the past and highlight the need for supervision. 32 Despite an initial drop in the number of drowning At least one death in this study was as a result of a bath aid purchased second hand (prior to warning labels). A second death occurred while a bath aid with warnings in English was being used by a mother who had only recently started learning English after migrating to Australia. These cases identify the need for ongoing consumer education and awareness activities (in languages other than English), including strategies to deal with bath aids produced prior to the standard that are still in use today.
Depth of water
This study is one of the first to examine the depth of water in the bath when children have drowned. Although the mean water depth was found to be 19.4 cm, children have drowned in baths in as little as 5.0 cm of water. Furthermore, 10.3% of drowning deaths could have been prevented if the bath was emptied after use or children were supervised while the bath was being filled in preparation for bathing. Preventive advocacy efforts must counsel parents and carers that there is no safe depth of water to leave children unsupervised in while bathing.
The dangers of co-bathing
In 38.5% of cases, the victims in this study were co-bathing. The drowned child was most commonly the younger child (66.7%). Those children who drowned while co-bathing with adults commonly drowned in water with a deeper mean depth than those who co-bathed with siblings.
Co-bathing has previously been identified as a risk factor 10, 11 for drowning, and continued parent and carer education is needed, both about the risks of adults co-bathing with their child and about relying on supervision by older siblings. Exposure information is needed to determine if co-bathing is a riskier activity than bathing a child on their own.
The role of pre-existing medical conditions in bath drowning deaths
Children with contributory pre-existing medical conditions were, on average, older (5-17 years) and left unsupervised for longer than children without. Unlike drowning deaths among older people, where pre-existing medical conditions such as cardiac conditions and dementia have been identified as risk factors for fatal drowning, 33 epilepsy and autism were identified as conditions contributing to fatal bathtub drowning among children in Australia.
The older age of many of the children with contributory preexisting medical conditions who drowned raises difficult questions around the issue of supervision while bathing, which is a more commonly accepted practice for young children. 34 The importance of active adult supervision should be highlighted for those parents and carers of children by health practitioners when children are diagnosed with epilepsy 35 and autism.
Aboriginal and Torres Strait Islander children
Indigenous drowning risk has also been recognised in Australia, [36] [37] [38] Canada 39 and New Zealand. 40 This study found an increased, but not significant, rate (1.6 times) of drowning among Aboriginal and Torres Strait Islander children in the bath compared to their non-Indigenous peers. The enhanced likelihood of success has been found when Indigenous-specific drowning prevention strategies have been developed, implemented and evaluated in consultation with the community. 41 
Neglect
In 9.0% of cases, there was a history of child neglect or child protection issues identified within the family by reports to authorities. Although all deaths included in this study were unintentional, this raises a challenge for prevention. Neglect and child abuse have been previously identified in several studies as being associated with childhood injuries, 16, 42, 43 including bathtub drowning. [44] [45] [46] [47] Parents and carers must also be made aware of the dangers of bathing children while under the influence of alcohol and illicit drugs.
Informing prevention
This study shows that children cannot be safely left alone for any period of time while bathing regardless of water depth, with children drowning in as little as an estimated 30 s and 5 cm of water. Unlike other aquatic locations where travellers feature, 48 bath drowning deaths in this study occurred only in those who reside within Australia. Highlighting this fact may prove to be a useful tool for prevention and combating the attitude that 'it won't happen to me'. There is a need to understand what people are doing correctly when it comes to preventing bath drowning deaths among young children. Drowning deaths in baths are reasonably rare events when compared to drowning among young children in private swimming pools. 49 Rather than focus on the small number of cases where something has gone wrong, prospective research should identify those positive behaviours that result in a reduced drowning risk to further strengthen prevention messages that may, until now, be based only on best practice and expert opinion.
Limitations
There are limitations associated with this study. One such limitation was the data on the time the child was left unsupervised. This was estimated by parents or the primary carer/supervisor and captured by police in an interview after the drowning incident. It is likely that the delay in recording this information may result in an inaccurate estimation. There are also limitations associated with the water depth variable. Measurements of water depth, if recorded, were taken by police after the drowning incident. Therefore, as shown by the Archimedes principle of buoyancy, the water depth will be lower as it was measured without the child in the water.
Conclusions
This is the first total population study of drowning deaths in the bath of children in Australia. With no downward trend identified in the rate of child drowning in baths in Australia, this study is a timely reminder of the need to continue prevention efforts. Advocacy for prevention must highlight the importance of adult supervision, including while using bath aids and where children are co-bathing, and the contributory role of underlying medical conditions such as epilepsy, commonly among older children, and align such advocacy efforts to behaviour change models. Such models will elucidate both protective and harmful behaviours to inform prevention.
